Objective. The objective of this paper is to describe the development process that was undertaken to implement an interactive web-based resource hub to support students during their senior year experiential clerkship program, the Structured Practice Experience Programs (SPEP). Methods. The development consisted of 3 parts: project planning, WebCT course development, and quality assurance. WebCT was incorporated into an existing technology platform, the Web-Based Learning Centre (WBLC), which offered access to additional web-based technologies. Results. The use of various Quality Management tools in the planning process facilitated the development of the clerkship resource hub. The resource hub provided students with access to course materials, various communication and evaluation tools, and links to information sources within and external to the WBLC. Conclusion. The detailed description of the resource hub will serve as a useful template for others contemplating similar projects.
INTRODUCTION
In anticipation of the expanded role of pharmacists in direct patient care, the Faculty of Pharmaceutical Sciences at the University of British Columbia (the UBC Faculty) recently revised its senior year experiential curriculum to comply with the competency expectations set by the Canadian provincial and federal professional and licensure bodies. 1 The revised syllabus was designed to incorporate the philosophy of pharmaceutical care (PC) into its learning activities. The new clerkship programs, the Structured Practice Educational Programs (SPEP), consisted of two 4-week community-based PC rotations (PHAR 402) and one 4-week institutional-based PC rotation (PHAR 403).
Role of Technology in Distance Education
A search of the pharmaceutical education literature was carried out to explore strategies to help address the concern of student isolation. Although pharmacyoriented, web-based research is still in its infancy, the data available suggest educational technology is an effective medium to facilitate delivery of instructional materials, enhance teaching practices by actively engaging students, and enable learning beyond the classroom setting. [3] [4] [5] [6] [7] [8] [9] [10] [11] More importantly for the SPEP clerkships, the literature suggests that computer networks could enhance communication among students and faculty, by building a sense of community among participants and The shift to the SPEP clerkships provided many challenges. New preceptor and clerkship site criteria were developed to ensure that student experiences would be of adequate intensity and breadth. 2 As part enabling them to come together as a group to collaborate. 4, 6, 9 These findings have been supported by student evaluations that proposed educational technology facilitated learning and lessened the feeling of isolation. 6, 12 Furthermore, the asynchronized conferencing feature of many computer networks minimized space barriers, allowing students to participate in discussions on their own schedules. 6 Based on the premise that educational technology had the potential to enhance camaraderie and collaborative learning among students, the development of a web-based program (the resource hub) to support students completing the SPEP clerkships was contemplated.
Selecting the Appropriate Web-Based Technology
The next step was to select an appropriate webbased delivery platform. Within the UBC Faculty there already existed a technology platform, the WebBased Learning Centre (WBLC), upon which new web-based courses could be developed. [13] [14] The focus of the WBLC was to utilize computer and Internet technologies to enhance student learning. The WBLC components included a portal page and 13 courses.
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All courses within the WBLC featured 4 common elements: course materials, evaluation tools, communication tools, and resource center. This allowed for standardization among the pharmacy courses and easy navigation between the courses to integrate resources to solve pharmacy-related problems. Examples of some of the course resources are assigned readings, discussions on learning exercises previously completed, online seminars delivered using CD-ROM modules, and web site addresses for selected educational sites. The WBLC had a customized interface that gave it a unique look and feel. Its interface used a user-centric model designed around a fundamental "three clicks to anywhere" principle to enable users to find their way easily throughout the WBLC without getting lost or frustrated. 16 The WBLC embodied many of the characteristics desired by the SPEP clerkship resource hub, such as learning through interactive and collaborative processes. It was, therefore, sensible to develop the SPEP clerkship resource hub within the WBLC framework.
WebCT, an electronic learning medium that facilitates creation of web-based educational environments, was chosen as the core technology for the SPEP clerkship resource hub, as with other WBLC courses. 17 Although WebCT has been adopted by several North American universities, there was limited information in the pharmacy education literature on how this electronic learning medium could be developed to enhance student learning and collaboration.
Additionally, the literature on the development and use of educational technology to support students during their clerkship program was scarce. Developing an interactive web-based learning program is not only time consuming, but the task may seem daunting to an educator who has little experience with web-based design. Accessibility to other educators' experiences with the development of web-based programs using specific electronic learning mediums, would not only help to demystify the process but could also serve as templates for similar projects.
Thus, the objective of this paper is to describe the development process for an interactive web-based resource hub that uses WebCT as the electronic learning medium to support students during the SPEP clerkships that other educators can use in developing their own web-based teaching sites.
METHODS
The development of the web-based resource hub to support the SPEP clerkships consisted of 3 parts: project planning, WebCT course development, and quality assurance. A third-year pharmacy student with no prior experience in designing courses on WebCT was retained through the UBC Faculty's summer student research program as a research assistant to work on the project.
Project Planning
To ensure that all aspects important to designing the clerkship resource hub were addressed, quality management tools were used to facilitate the planning process. 18 At the start, a fishbone diagram, also known as the cause-and-effect diagram, was used to brainstorm about the key components that needed to be considered during the execution of the project. These components included information gathering and planning, designing course materials web pages, designing evaluation tools web pages, designing clerkship site information web pages, designing other web pages, and quality assurance and evaluation measures.
Using the ideas generated from the fishbone diagram, a program logic model was developed. The purpose of the program logic model was to provide an overview of the project and illustrate how the project objectives were to be achieved. The components identified in the fishbone diagram were consolidated into 2 main components: information gathering, and planning and designing of web sites. The specific activities that needed to be undertaken for each of the main components were included, as were objectives to help evaluate the progress of the project.
A storyboard was created to provide a schematic representation of the contents of the 4 common elements in the clerkship resource hub (course materials, evaluation tools, communication tools, and resource center). A fifth element, "preceptor training," was also added to the clerkship resource hub to be developed at a later date.
The development phase was undertaken from June 2000 to August 2000. An activity schedule was developed to ensure each component of the project was completed within the allotted 3-month timeframe.
Web-Based Course Development
WebCT. The WebCT was developed and founded at the University of British Columbia in the mid-1990s. It was selected as the electronic learning medium for the clerkship resource hub because ease of use, regardless of level of expertise, and it was available free of charge to all faculties within the university. The latter was of particular importance as the WebCT personnel maintained the system server at no extra charge to the WBLC development team.
In addition, the WebCT provided access to a range of Internet-based software tools for creating courses, which the project team used to develop the clerkship resource hub. 17 These tools included: (1) the course design tools, which consisted of a template for designing a course interface and content (color schemes, page layout, etc), (2) the communication tools to facilitate collaboration between students as well as with the instructor, (3) the evaluation tools to develop quizzes and surveys to customize courses, and (4) the administrative tools to assist with course management.
Hypertext Links. Hypertext links were incorporated to facilitate an integrative approach to learning. Intralinks, interlinks, and URLs were the 3 different hypertext links used. Intralinks were used to connect related course materials within the clerkship resource hub to permit students to freely navigate within the site. Interlinks were used to connect the clerkship resource hub to other WBLC pharmacy course materials. The URLs connected the clerkship resource hub to external information sources on the Internet.
Macromedia Dreamweaver. Using the storyboard as a template, the homepage and other web pages were created in hypertext markup language (HTML) with Macromedia Dreamweaver 3.0. Various course materials, such as the clerkship manual, recommended readings, and clerkship evaluation forms were created in Microsoft Word '97 and converted to portable document format (pdf) using Adobe Acrobat 4.0 to preserve the desired format and appearance of these materials. The course materials and web pages were then placed on the WebCT framework on the world wide web using the WebCT upload tool.
Integrating the Clerkship Resource Hub into the WBLC
To be consistent with the WBLC concept, a usercentric navigation bar using Macromedia Flash 4.0 was embedded into every homepage of the clerkship resource hub to allow for easy and efficient navigation. In addition, the navigation system adhered to the WBLC's fundamental principle of "three clicks to anywhere." 13 Graphics and images were scanned using either the Hewlett Packard ScanJet 5200C, downloaded from public domain internet sites, or created and/or modified using the Adobe Photoshop 4.0.
Incorporating Evaluation Tools.
Online evaluation tools, such as quizzes, surveys and clerkship evaluation forms, were created in HTML using the WebCT quiz and survey tools, and made accessible to students through the "Evaluation Tools" homepage of the clerkship resource hub. A variety of question formats were used when creating the quiz and surveys for the clerkship resource hub, such as multiple choice, rating of responses using various scales, short answer questions, and matching and essay questions. In addition, wherever appropriate, the option of displaying the correct answer followed by an explanatory text for the quiz questions was used; these were displayed only after the student had selected his/her answer. To assist students in completing a quiz or an evaluation form, on-screen instructions (below the title of the evaluation) were created and incorporated as an image file using the WebCT tools.
Incorporating Communication Tools. The WebCT communication tools, private e-mail, and the bulletin board, were also incorporated into the clerkship resource hub. The WebCT 1.3 application (this was upgraded to WebCT 3.6 in summer of 2001) was used for this purpose.
Quality Assurance
A quality assurance process was incorporated to assure that ongoing modifications to the resource center did occur. In the short term, the quality assurance process included identifying broken links and completing the various surveys and quizzes that were developed to ensure that they were fully functional. A convenience sample of pharmacy students, working on unrelated summer research projects, was recruited for this pur-pose. The students' were asked to comment on their ability to log on and navigate with ease throughout the WBLC. A webmaster was hired to support the clerkship resource hub and make revisions over time. The clerkship resource hub will be modified on an ongoing basis based on the feedback received from users, and the URLinks will be upgraded as web sources expire or move, or as new ones become available.
RESULTS

Program Planning
The planning process proved to be very helpful in keeping the project team focused on what needed to be accomplished. Figure 1 , the fishbone diagram, summarizes the key components identified by the team that required consideration. Figure 2 , the program logic model, outlines the specific activities undertaken to meet the desired project objectives. Figure  3 , the storyboard, provides a schematic representation of how the resource hub was organized and designed. Figure 4 delineates the project timelines.
Web-Based Course Material
Figure 5 provides a screen capture of the community PC clerkship homepage that was developed. Similar to all courses within the WBLC, the homepage contained the 4 common elements, including course materials, evaluation tools, communication tools and a resource center. In addition, a user-centric navigation bar located at the top of the screen allowed easy access to other pharmacy courses by simply clicking on the desired course, thus integrating the clerkship resource hub within the WBLC.
The Macromedia Dreamweaver 3.0 program was successfully used to design, create, and edit web pages for each of the 4 common elements found on the clerkship resource hub homepage. Figure 6 illustrates the evaluation tool homepage for the community and institutional PC clerkships.
Hyperlinks, such as intralinks, interlinks, and URLS, were used to connect the clerkship resource hub user to the various homepages, materials, resources, and tools found within the resource hub, as well as to course materials found on the web sites of other pharmacy courses within the WBLC, and to information sources found external to the WBLC.
The WebCT evaluation tools feature was used to develop an orientation quiz and several surveys for the clerkship resource hub. Figure 6 provides an overview of the quiz and the different surveys designed. Figure 7 provides a screen capture of one such survey developed: the "student's evaluation of their community PC clerkship rotation site and preceptor" survey.
Three communication tools: a personal e-mail address for each student, a course bulletin board, and a course chat room, were also incorporated into the clerkship resource center.
DISCUSSION Program Planning
The web-based resource hub for the SPEP clerkships was successfully created and integrated within the WBLC. The Quality Management tools facilitated the planning process for the project. The tools served as a blueprint for the entire project and were useful when communicating the basic nature and purpose of the project to stakeholders within and outside the project team. These tools have considerable potential in program planning, since they show the basic intent of the project in functional and structural terms.
The fishbone diagram provided a graphic representation of the project components. It helped the team to capture, display, and classify various ideas on what needed to be done to successfully complete the project. Feedback from the project team indicated that the process of developing the fishbone diagram allowed every team member equal opportunity to contribute their ideas, and it helped them to appreciate the complexity of the project and helped to avoid "tunnel vision." The ideas identified during the brainstorming process were grouped under 5 components, which was a natural outgrowth of the process. This minor investment of time prevented hours of wasted effort and frustration during the design phase. The program logic model was helpful in delineating the plausible linkages within the various components and in identifying the key issues and questions to be addressed. It also helped pinpoint vague, unrealistic, or conflicting objectives. The storyboard helped illustrate where specific course materials, resources, and hypertext links had to be incorporated to facilitate an integrative approach to learning.
Web-Based Course Material
WebCT. The versatility of WebCT and its ease of use made it a rational choice as an electronic learning medium for the clerkship resource hub. For example, while WebCT was accessible to a community of peers across WebCT courses and disciplines, allowing collaboration within these communities, it also offered the flexibility to limit accessibility into certain courses through password protection. Moreover, the WebCT application and all its software resided on a WebCT maintained server, Figure 1 The fishbone diagram identifies the key components that needed consideration in designing the web-based clerkship resource hub which could be accessed by the course designer and the students through a web browser without having to install any additional software. This not only facilitated the development of the clerkship course, but also offered the advantage of making changes made to the course on WebCT immediately accessible to students. 17 Below is a discussion of how some of the software programs and tools were used in this project.
Developing Hyperlinks. Intralinks were used to connect related course materials within a website to permit students to navigate freely within the site. For example, by clicking on the intralink, "evaluation tools" on the community PC clerkship homepage (Figure 5 ), the student would be taken to the community PC clerkship "Evaluation Tools" homepage ( Figure 6 ). In contrast, interlinks were used to connect students to other WBLC pharmacy course materials outside the clerkship resource hub. For example, to allow for easy navigation within the WBLC to access related learning materials from other pharmacy courses, the phrase "suspension had caked" in a given problem posted on the community PC clerkship website could be interlinked to the WBLC Drug Delivery Systems I course web page on "Suspensions." This would allow the students to review conditions under which a suspension would cake. Alternatively, the student could connect to the WBLC's "Drug Delivery Systems I" homepage and review the design, preparation, and evaluation of oral drug delivery systems by clicking on "PHAR211" course in the navigation bar at the top of the community PC clerkship homepage ( Figure 5 ). In the future, the interlink feature will make it possible to deliver integrated, interdisciplinary, case-based problems by enabling the students to integrate and apply relevant materials from various pharmacy courses. The URLs were used to connect to external information sources on the Internet. For example, the phrase "influenza immunization" in a case-based problem posted on the community PC clerkship website was hypertext linked to the Centers for Disease Control website where the student could review the criteria established for the prevention and control of influenza infections. All 3 types of hypertext links make the learning process more selfdirected and allow the student to retrieve information presented in other pharmacy courses in an efficient manner to solve the problem at hand.
Integrating the Clerkship Resource Hub into the WBLC.
A screen capture of the community PC clerkship homepage ( Figure 5 ) illustrates how the SPEP clerkship resource hub was integrated into the upgraded WBLC. Located at the top of the screen is the WBLC user-centric navigation bar, which allows students to "jump" between different pharmacy courses. The 4 common elements found in all WBLC courses, along with the preceptor training element, are found along the right-hand side of the screen. Each element was further linked to additional web pages within the community SPEP clerkship resource hub.
Benefits of Using Macromedia Dreamweaver.
The Macromedia Dreamweaver 3.0 program enabled the research assistant to design and edit the web pages in a "what-you-see-is-what-you-get" environment. As a result, using Dreamweaver to create web pages was similar to creating documents with word-processing programs such as Microsoft (MS) Word and Corel WordPerfect. This meant that in-depth knowledge and familiarity with the programming language (HTML) was not required to complete this portion of the project.
Incorporating Evaluation Tools. The online evaluation tools were also successfully incorporated into the clerkship resource hub without having extensive HTML programming knowledge. An orientation quiz was designed to supplement the face-to-face 1-hour orientation session offered to students prior to starting their SPEP clerkships. The quiz used multiple choice and matching formats. The intent of the online quiz was to allow them the opportunity to internalize the discussions that occurred during the face-to-face session, as well as to become familiar with the overall expectations and policies of the SPEP program. The quiz was designed as a self-directed, open book learning exercise that could be completed any time over a 2-month period. However, once started, the quiz had to be completed before the student could exit the program.
Several survey instruments were also developed. The survey instruments included questions that required short answers and rating of responses using a predefined scale. For example, the survey instrument designed to have students' evaluate each of their clerkship experience (Figure 7) required the students to rate responses to certain questions on a scale of 1 to 5, with 1 indicating a response of "very inappropriate" and 5 indicating a response of "very appropriate," and rate responses to other questions on a scale of 1 to 3, with 1 indicating a response of "did not occur" and 3 indicating a response of "definitely occurred." At the end of the survey instrument, the students were asked, using short answers, to share 3 things they liked the most and 3 things they liked the least about their clerkship experience. Both the quiz and survey tools offered the flexibility to download the clerkship resource hub without having extensive HTML programming knowledge. An orientation quiz was designed to supplement the face-to-face 1-hour orientation session offered to students prior to starting their SPEP clerkships. The quiz used multiple choice and matching formats. The intent of the online quiz was to allow them the opportunity to internalize the discussions that occurred during the face-to-face session, as well as to become familiar with the overall expectations and policies of the SPEP program. The quiz was designed as a selfdirected, open book learning exercise that could be completed any time over a 2-month period. However, once started, the quiz had to be completed before the student could exit the program.
Several survey instruments were also developed. The survey instruments included questions that required short answers and rating of responses using a predefined scale. For example, the survey instrument designed to have students' evaluate each of their clerkship experi- ence ( Figure 7) required the students to rate responses to certain questions on a scale of 1 to 5, with 1 indicating a response of "very inappropriate" and 5 indicating a response of "very appropriate," and rate responses to other questions on a scale of 1 to 3, with 1 indicating a response of "did not occur" and 3 indicating a response of "definitely occurred." At the end of the survey instrument, the students were asked, using short answers, to share 3 things they liked the most and 3 things they liked the least about their clerkship experience. Both the quiz and survey tools offered the flexibility to download the final results onto an Excel spreadsheet, allowing for an efficient collation and evaluation of the students' feedback.
Incorporating Communication Tools.
Since all students were required to complete at least one of their clerkship rotations in a rural setting, the WebCT communication tools were also incorporated into the clerkship resource hub. It was hoped that this would facilitate communication between the students as well as with the clerkship director, decreasing the student's sense of isolation. 5, 6 While the private e-mail tool permitted private communication between students with one or more classmates and/or the SPEP clerkship director, the bulletin board permitted all students and the clerkship director to view, post, and respond to posted comments at any time (ie, asynchronous communication). The bulletin board had the ability to group or "thread" related comments together, thus enabling users to follow a discussion in a logical manner and/or continue the discussion at a later date. This allowed student queries to be answered immediately.
Limitations
This project has a few limitations. First, as part of program planning, the project team did not assess the students' comfort level with using WebCT prior to this project or whether they felt they had adequate skills for using the clerkship resource hub. The project team assumed that this would not be a problem because all senior year students had previously been exposed to the WBLC through other online third year pharmacy courses. Secondly, the quality assurance process was conducted by using a convenience sample of students who were completing summer projects at the UBC Faculty. The perceptions of these students may not be representative of those who would be completing the SPEP Figure 5 . Screen capture of the community (PHAR 402) clerkship homepage clerkships. Thirdly, a formal evaluation of the acceptance and usefulness of the resource hub was not conducted. Efforts are currently underway to obtain feedback from a more representative group of students to substantiate the utility of this resource hub. Finally, this particular clerkship resource hub was designed for UBC clerkship students using the support system available at the University; therefore, generalizability to other settings may be limited.
CONCLUSIONS
The project team hopes that the detailed development process of the SPEP clerkship resource hub provided will serve as a useful template for others contemplating similar online support systems for their students. Currently, there is limited information in the pharmacy education literature about the extent to which web-based programs can enhance student learning during their experiential training. The next steps of the project are to address the limitations identified and to evaluate the benefits of the resource hub. For example, the students' perceptions of certain aspects of the resource hub, their desire to have a forum in the future through the hub to share patient care experiences, and the different avenues of learning provided by this medium would be areas likely to be explored. In addition, other studies have shown that web-based instruction can take up to twice as much time as a face-to-face session. 4 Because this mode of teaching can be resource intensive, it would be important to quantify the amount of instructor-student contact time such a resource would entail. 
